ARMY MATERIEL COMMAND
U.S. ARMY

TRANSLATIOR

PATES IF DLVELORAZ T OF ST._"‘I LAY O
lUJpI&..J HA\JLI A-O _L t

- v — 4

vvvvvv

FOREIGN SCIENCE AND TECHNOLOGY CENTER

FSTC-HT-23-122-5C

JUIS 194Z ‘LE"\‘HNGHOL
! » §:DERAL SCIENTIF:Y A
“LCHNICAL INFORMATY -,
i ;(i_""‘\:é’pg - ‘ 4070,"& - )
‘ w . ’)
{ / 0(\ , < O ’?? ,ﬁ(

\v'r

\\\\\
H,

T NIRRT R . ¢ T

S —




. - T - - - - -- «-—-wm-e'"w

t
&

Project 2301-6553 FSTC~HT-23- -6b6

This translation is a rendition of the origina: foreign
text without any analytical or editorial comment. Statements
or theories advocated or implied are those of the source and
do not necessarily reflect the position or opinion of the U. S.
Army Foreign Science and Technology Center.

cFsT WHITE SECTiON
~3¢ BUFF SECTIO
A xoUNGED ) A3
SHiICaTion /L S
Aateii
| e
BSTRBY I AYATLABAITY CovEs

L. | AVAIL set-w SPEBMAL

/

Request for additional copies of this document should
be jaddressed to the Defense Documentation Center, Cameron
' on, Alexandria, Virginia, DDC-OSR.

U. S. ARMY FOREIGN SCIENCE AND TECHNOLOGY CENTER
Munitions Building
Washiagton, D. C. 23315 *

PR o
)




FSTC-HT=23-122-66 .
X-9675
ID 2204023866

PATHS OF DIVELOPMENT OF STATIONARY GAS
TURBIRE ENGINES IN USSR

By G.I. Shuvalov & G.G. Ol'khovskly
USE OF PETRO'FUM FUEL AND DISSOLVED ADDITIVES FOR © °
LONERING VANADIUM CORROSION IN GAS TURBINE ENGINES
By R.A. Lipshteyn et al

Enrlish Fages 17.

SOURCE: TEPLOENERGETIKA No. 9, 1964
PP 2-6; 19-21

COUNTRY: USSR




DATA HANDLING PAGE

Product ldentification: FSTC-HT-23-122-66

Product Classification: UNCLASSIFIED

Product Title: LEVELOPMENT OF STATIONARY GAS TURBINE ENGINES; USE OF PETROL-
EUM FUEL AND ADDITIVES FOR LOWERING VANADIUM CORROSION

Publication Date: 23 May 1966

FSTC Project Identification:  FSTC-6551

DIA Task Number: Not Applicable

Topic Tags: gas turbine engines; residual stresses; turbine operating ef-
ficiencies; gas turbine fuels; engine corrosion; fuel additives;
Abstract: naphthenates; Mg; Zn; Al; Ca; polymethylsiloxane.
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petroleum fuel permitting the avoidance of appreciable vanadium corrosion
during the operation of the gas turbine engines.
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PATHS OF DEVELOE.INT OF STATIONARY GAS TURBINE ENGINES IN USSR

Ge 1. Shuvalov & G« G. O1'khovskiy

The industrial applicution of gas turbine engines (GTE) began relative-
ly recently (15 to 20 years ago). In spite of this, the number of engines
being produced by the leading foreign firms of General Electric, Vestirghouse
in the U.S., and Braus-Boveri in Switzerland is counted in the hundreds while
their total power runs to millions of kilowetts. Sveral dozons of them have
already been operating for 60-70,000 heurs. Along with the engines of rela-
tively low power (5 - 10 mv), which are wvidely used not only for the produc-
tion of electric power but elso for the mechanical drive on trunk oil and
gas pipelines, in transport and industry, there have been manufactured abroad
m:ny powerful GTE for large-scale power engincering. The Swedish firm De-
Laval=Jungstrdm has produced and passed through an operating test the assemb~
lies with a power of 40-45 nv; a number of firms are mess—-producing the pow=-
er GTZ with & power of 15-30 mv, gas turbine electro-stations with power up
to 100 mv have been built, and heating-and power stations with heat output
up to 100 large cals/hr have been developed. From yeer to year, the individue
al powers of the GTE are continually rising, while their economic and opera-
tional characteristics are being improved.

Av present the total ostablished powver of the power GTE in all coune
tries in the world amounts to about 5 million kv (kilowatts), including ine
stallations vith individual power of more then 15 mv, i.e. about 2 million kwe.
The heat characteristics of the largest GTE arc shown in Table le Tho main
indexes of the gas turbine elecirostations are given in Teble 2.

In the USSR, the first test-industrisl models of stationary GTE were
produced in 1955. A1l of them (Table 3) had a number of features typical for
the initial stage of a domestic stationary gas turbine construction; moder
ate level of initial gas temperatures, abscnce of sffective cooling of hot
parts of the {urbines and the thereby caused wide application of austenite
stoels, low forcing of elements of equipment, and multistage design of turbo-
machines, free layouts with numerous hot comnecting pipelines of large cross
sectionse.

A result of the noted features in the design of the first GTE was their
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Bigh specific weights and large dimensions, low mobility, unsacisfactory oper-
ation of individual units and parts of the turbines, subjected during operaw=
tion to abrupt temperaturc (t°) changes. As a rule, the efficiency values ac-
tually being attained for these engines were apprcciably lower than thoso
planned. The causes for the divergence were diffeorent for the various GTE:
inadoquate effectiveness of regeneration (GT-600-1.5 and GT-12-3); lower of-
ficiency of individual turbomachines, espccially of compressors (PG-50000 and
GT-700-4); air leakages from the high pressure ducts; high hydraulic resise
tances and finally, excessive reserves in the calculations (GT-600-1.5}. In
the latter caso, the engine's efficiency is lowered in connection with the
fact that the nominal pover of gn electric generator is attained at gas t°

in frout of the turbinc that is lower than that planned.

At the same time, even in thesc initial enzines, we developed models
of gas turbine equipment, not inferior in technical indexes to the foreign
oness axial compressors with an output up to 60 m*/sec, the adiabatic effic-
iency of which reached 88~907%; turbines with efficiency up to 89%; reliably

- operating combustion chambers with efficiency of 98-99% at losses of full

pressure of about 1% In all the enginos, there was .attained a satisfactory
agreement of charecteristics of individual turbomachines and devices.

The experience in mastering the first Soviet GTE was critically devel-
opod by the plants together with the leading scicntific-research and trainiag
institutes. Tho production of gas turbines was organized at practically all
the turbine~building plants in the Soviet Unione It should be stressed that
the parallel work of the same plants with steam and gas turbines, the crea-
tion of which requires a highor level of designing and technology, oxerted
and will exert from ncv on & creative influence on the practice of steam turw
bine constructione The turbine builders have learned how to handle austenite

. steels, have come to use more widely the welding techniques and now technolog=

ical processing methods, have expanded their experimental basc, etc. In the
time since 1960, as & result, a number of leading models of GTE have been
nade of a completely different form and clacss. Among them ares:

The GT-700-5 NZL, which is now being produced in a lerge series for
maxn ges pipelinese. The three first models of this type of GIU were developed
under a load of more than 10,000 hours each “nd vere tosted on stand at the
foctory and at the Nevgorod Compressor Stetion LRofs- 1, 2]-

The GTN-9 LMZ, the pilot model of which was adopted in January 1964
after thousand-hour tests under load at the factory stand of the State Re-
ceiving Comuissione

The GT-25-700 LMZ, the adjustment of which, sterted in autume of 1963,
is being presently carried on at the TET -2 of Kiev-cnergoe During fall-win-
tor of 1963-64, this engined was developed {run) with a load of 15-20 mv for
more than 2, 000 hours without breskdowns or significant malfunctions.

The GTU=~50-800 XIGZ, which is being set up at the TET -3 of the Khar'=-
kov-energo, and a number of others.

The technxcal specifications of these machines are adduced in Table 4
[Rofs- 3 - )j¢ As a rule, all these nev machines are made to run faster.
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in the layouts of the gas turbine engines, one often encounters a close arw
rangement of the turbomachines and devices with bearings, in nature inacces- %
sible without dismentling the cylinders or even located inside the hot pipe-

lines.A number of turbincs on the expansion stage 3-4.5 have only 2-3 stages,

located on the console rotors. The GTE,without generators, with a power of 6

and 4 mv wvere manufactured by the Ural turbomotor and Kaluge turbine works in !
a vaitized designe

Almost all the turbines have an intensive cooling of the rotors and 5
parts of the turbines' stator, which perrmits cne to use for their manufacture ¢
steels of the perlite and ferrite class at initial gas temperatures of 700- >
800°C. The adjustment and nastery of thcse GTE demonstrated that their design )
principles valicated themselvese The mobility and reliability of the engines
under operation rose markedly; they became more sophisticated, light in weight
and oconomicale However, the designs of the cooling turbines can by no means 7
be regarded as perfectod. In the transition -from a cold to a hot state, there )
occur changes in the clearances in the flow-through part that are difficult
to control. Air leaks develop from “he cooling systems within the turbines;
the air losses to cooling are high, as a result of which the parts of the
rotor end stator are supercooled and in them there develop surplus tempera-
ture stresscse All these shortcomings lower the reliability and efficiency of
the turbines, wherein these efficiencies proved even lower than in the ear-
lier produced uncooled designs: for the 2-3 stage turbines, they were at a
le:el of 80-84%; for turbines with a large number of stages, they were at 85=-

87/0 »

It is necessary to combine skillfully the cooling with the internal
insulation of the elcments of the turbine's frame and with the other known
design methods for the stuabilizailon of the clearances in the flow-through
rert and for the avoidance of residual stresses in the parts.

. e

One should also keep in miud that in the manulactured GTE, we have no'
succeeded in oqualizing the field of temperatures of the working gases at tho
outlet from the combustion chambers to such a degree to select the material
for gas admission into “he turbine and for its first nozzle device, orievtirg
oneself on the average (calculated) temperature of the vorking gasese Therues
fore the designs and .the materials .'or the indicated elements of the turbines
should permit prolonged operation at loczl temperatures of gas, exceeding the
average by 30-50°C, depending on tho design of the combustion chambers, their
layout, and the fuel being used.

The risc in the individual powers of the GTE to 25~50 mv hecame pos—
sible after the development of compressors with an output of 170-175 m3/sece.
Such compressors on the compression stage 2¢5-3 were designed by the LMZ and
the XTGZ on the basis of the K~50-1 TKTI profilee Natural tesis showed that
the ediabatic efficiences of thesc machines under conditions close to the de-
signed ones amountcd to 85-856%. These and other new types of axial compressors

for the statienary GTE, developed i1n recent ye.cs by domestic factories heve P!qh
fair economic specifications (nccording to tests at G = 30-50 kg/sec and € = P
=35 = qu“d = 86-87%4). However, not in .any onc of them was there attain- | gl

ed an cfficiency of 89-90%, that was obtaired many years ago by the IMZ for a
GT=12-3 in compressors with profilcs K~100-4 or TKZ in the well-known compres-
-3 -
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sor basod on the GTU-42. The basic cause for this is the circumsiance that
for practical purposes, the plerts do not engage in the finishing of already
produced natural compressors in the sense of establishing the optimnl pitches
of the blados in the individ.al stages, the optimal axial and radial ctearan~
ces, the improvement of the connecting pipes etc. At the same time, the exper-
ience of the NZL, obtained on the CTU-700-12, indicates that with the aid of
relatively simple methcds in these directions, the efficiency of the compres—
sors cen be significantly improved even at a high (88-89%) original level.

In addition to the further increase in the efficiency,ofthe main design prob-
lom for these mechines is the acsurance of the necessary rigidity and stabile
ity of their housirgs for the retention of constant lesign redial clearances
in the flow-th.-ough part. Validated and useful for reducing the radial cleur-

ences is tho method of applying a special cement ‘o the inner surface of the
housing.

The difficulties involved in oporating the compressors is linked with
foulings of the fiav-through part, which cen have a varying nature in de-
pendence on the positioning of the comprossor in the GTE layout and cause for
500-1000 hours a drop in output of pressvre and efficiency of compressors by

3 = 5%

The riso in the operating speed of the turbomachines, the increase in
the load of individual stages. the development of light and stressed designs
place more rigid requirements on the sophistication, precision and production
quality of the ecuipments Unfortunately, our turbine-producing plants do not
alvays meet thesc stipulationse It is quite clear that the further progress
not only of gas turbine consiruction, but also of steam turbine construction
will be impossible without a marked improvement in the quality control by way
of bettering the technology and raising the technological discipline.

The majority of the stationary GTE of this period were planned with
reprocessing (of the fuel), while the larzest of them were planned to have
intermediate cooling of air under compressione The further design development
resulted in & regenerator based on profile punched-out sheets, than had been
made for a long time by the NZL. For the GT-700-5, this regenerator was made

Es a coﬁnterflov model. At F = 1400 ma, the recovery stage comprised 70-72%
Ref. 2.

Por the GTN-~9 and GTU-50-800 engines, the LMZ and ' KIGZ planned end
produced the counterflow ~egenerators, in which the heating surface was formed
by pipes with longitudinal ribbing along the gas side. In the GTU~50-800 re-
generator, we attained o compuctness factor of 235 m®/m® and a specific veight
of 4.4 t/mv [Ref. 6].

As tesis have shown on an analogously designed regenerator GTN-9, it
hes specifications close to the designed oneses In the course of over 1000
hours test operation with repeated starts and stors of the gas turbine engime,
these characteristics hardly varvied.
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Table 3
B R D e T T T L e T e e e e e e e e ey
Nomenclature GT-600-1¢5 3 GT=700-~4 3 PG=-50000 GT=12-3
Year produced 1955 1957 1956 1955
Barometric pressure, B,bar 0.981 0.981 0.081 0.981
T® before turbine, t; ,,°C 546~600 700 600 650/650
TO before compressor, °C +5 +15 +5 +17
tdo k
Power, N, kv 1500-1880 3810% 1800 12 740
Rated power Nr’ kv 1500 4000 2210 12 000
Efficiency, 1 , % 16.9-13.8 16.0% 14.8 2445
Rated officioncy,'qr,% 18.6 25.0 10.0 27.0
Max-abs-pressurc,pmax,bar — e 4.78 354 13.9
Ratio of t°, T, 1,'/Tdo o 20965 3.4 3.38 3.14 -—
Reduced ratio Tdo t/’i‘dokx
X7,. Ny 20185 2.315 2355 2.10 —
Uegeful work fa.ctor,l\'/ENt 0.273 0.32 — 0.249 0.294
Specific work N/Gv’ kil-
ojoules/kg 50.8 634  85.6 5345 145.5
Relative pressure los- ’
ses, &,/ fn, % 13.0 5.8 12.0 9.0
Dagree of recovery, O, % 61.3 — 54.8 66.7
Effective degrce of ro-
covery J¥, % 249 - 35.4 58.1
Puel savings, 3Q, % 31.0 -— 3245 23.5
Effective fuel savings,
dQ%, % 13.4 — 483 20.4
Turbines TXD - TND
Degrec of cxpcasion, Ey 3.275 4.36 3.2 3.06 443
Available heat drop Ai, kil- '
ojoules/ig 3 250 326.5 258.7 25845 3.44
Ratio, (u/c,) 0.616 0.57 0.52?  0.621  0.500
Efficicncy of turbine M,% 85.7 84.8 85.5 89.2 86.0
Compressors VEND VESD VKVD
Number of stages, z 16 22 3% 9 12 20
Volume output v, m*/sec 24.4 37.0 35.6%% 55.5 25.0 12.3
Degrec of pressure rise,fx 3467 4.71 2.85% 2.39 2.08 2.60
Degrce of reactivity, 0.5 1.0 10 1.0 1.0 1.0
Periphoral velocity, v,,
sec 230 - 228 169 138 119
Mean pressure fc.c‘tor,\yav 0033 0.63 0.59 0.67 0.67 0.695

(table cont'd on next page)

-

Py

! o
" w»gh i
R




)
H
H

SCE = - . FIpY™ §
Table 3 (cont'd)
B e e e S Y
Nomenclature GT-600~1.5 : GT=700-4 :PG-50000 ’ GT-12-3

Efficiency of compressor, VEND VKSD VKVD

Mo * 87 82.5 78 8 9% &
Combustion chanbers KSVD XSND
Fuel M2 Natural gas JL DL
Surplus air factor, & 8.6 5.8 8.1 8.4 5.1
lleat stresses of fursace
spaces Q/pv,gcal/rd chreat 2.64 1.61 2.23 0.38 1.00
v em? ebarx 3.07 1.87 2.53 1.03  1.16
Pressures losses Ap/p,# 1.17 2.10 1.49 1.25 1.12
Heat efficiency, "]Iks 4 98.5 99 99 98 97
1
Aerodynamic efficiency, hlks, 95.4 91.9 94.1 96.7 955
o
Total efficioncy,‘hks,ﬁ 94.0. 91.0 93.1 94.7 925
iegenerators
Mean t° pressuro, Ata.v’ 98 — 102 82
°C
Heat transfer factor, k,
wutts/bz,°c, 33.7 -— 19.8 267
large cal/m*.hrs.°C 29.0 -— 17.0 22.8
Pressure losses ISP/P,% 9.55 —_— 3.91 3.24

* Without recovery
*% CHID.

The combustion chambers of the GTE under cousideration, very diverse in
designs and operating parameters are intended for the ignition of one form of
fuel, namely natural gas. The cfficicncy of these combustion chambers equals
98-99:5 at pressure losses of about 1 - 1¢5% (with the exception of the KTGZ
chanbers, where A p/p = 2.5 - 3%)« Howvover, as before, these indexes are ob-
tained at the cost of increasing the dimensions of the combustion chamberse
Even in the most improved designs, the differences between the maximal aad

average t° of the ges in front of the turbine amount to 40-60°, which consti-
tutes their basic disadvaniage.

The experimental studies conducted by the plants and the scientific-
researca orgornizations ( TKTI, VIY, KPI, etc.) furnish a basis for hoping that
combustion in cnalogous combustion chamders of lijuid fuel or the combined com=
bustion of liquid fael and naturzl gas dees not cause any major difficulties.

-8~




Table 4 i
by *‘:.*“—.-_“w—-:—_?:“-*-**“:::——-“——w
LMZ KTGZ NZL LMz
Nomenclature §
'~ P g‘ Ve Qo B :
GT~25-700  GT-50-800 C1n-o-T00 STN-9-750 :
Pover, kv 25,000 50,000 4,400 89,000
Fuel G G . G G ¥
%Total extent of pres~
sure riso 9.4 18.9 3.9 T 4.6
Outer air ¢¢ °C 17 20 15 17
T® before turbine,°C 700 800/770 760 750
Degree of recovery 0.8 0.7 0.75 0.65
Engine! efficjency,? 280  33.5 25.0 26.0
Air consumption, kg/sec 187 200 45.3 785
Consumption of water
coolant, m3/hr 2,000 4,000 - (o
Specific weight? of
engine, kig/kv 245 13.1 22 —-—
Dimensions of engine
room, m 18X36X17 21X27X20 -_— — i
Specific area,m®/kv 0.026 0.010 -— -— ‘
Specific volume, m?/kv Q.44 0.227 -— —

' Efficiency at generator terminals for power installation and at
_ supercharger shaft for compressor device.
* Within the delivery limits of the plant.

The basic difficulties originating during the changcover to heavy brands of
liquid fuel are not associated with the operation of the combustion chambers
or of the fuel systems, but with the depocits on the turbine blades and with
vanadium cooresion of the blades' metal. Tests conducted in the VTI on the
GT-600-1.5 gas turbine installation on the combustion of brands M40 and MGO
fucl o0il (mazut) demonstrated tkat oven at t = 550-600°C, whon the main com—
ponents of the fuel ash are in solid state, the power of the GTE Qiminishes
from the deposits of the ash components on the turbine blades by 2-3% in a
daye. The use of inorganic additives to the fuel lowered this figure to 1.0
1e5% per daye In operation with fuel oils with an additive of kaolin o the
fuel, in the root part of the guide hludes of the turbine‘s last stages, there
occurred an erocicn-which proved to be avoidable by the installation of remov-
able shield flops.

The question of the use of heavy liquid fuels is at present quite

9w
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acute: cven for the "gas" clectrostations, it is mandatory to have at hand e

resorve, liquid fucl; for the peak gas-turbine sterions, liquid fual is hasie,
since the peaks of consupption of electricel energy and of fuel coincide. How=
ever the offorst being applied for its solution ere cobviously inadequate, es-
pecially in regard to the accumulation of operating experience on actual GIE

with sufficiently high initial gas t°2, with the addition of thc necessary ad-
ditives to the fuel.

Quite promising are the special gas-turbine fuels [Rcf. 7], scarcely
containing any ash or vanadium, and developed in the USSR. However, for thier

use in GTE operating for prolonged periods, the cost of these fuels should be
reduced.

The questisns of the assurance, in the operating process, of the nec-
essary working regimes of the GTE and their control do not at present limit
the development of gas turbines.At the same time, the automation of the GIE
is inadmisgibly lagging in the Soviet Urione Many elements of the automation
system are insufficiently reliable. There often are cases of the cutoff of
assemblies owing 1o the fnlse activation of some safety device or othere The

systems of complex automation and remote coatrol of the GTE have not yet been
developed by use

The complete and proper use of the positive qualilies of tvhe power CTE
is made difficult from the faet that the planring of the gas turbine clectro-
stations is conducted by varicus departiments of the institute of the leat
Electrical Project with the necessary conordinatica, without smtual considers-
tion of the positive ard negative experiences As a result, the specifics of
the GT% (the close techmological ccnzection of the individual elements, the
effect, the Zcatlures of the layout, the increased effect of ths hydraulic re-
sistunces in the ducts, the reprir and operational features, the necessity
of combatting noise in the engine room and on the street, etc.) is not always
considered to the required extent. The Institute of the Heat Elecctrical Pro-
Ject should control more rigidly and clearly coordirate the work of its de-
rartments. In particular, it is very importamnt to use quickly and correctly

the results obtained from successful studies on noise suppression conducted
at the TET -2 of the Kievcnergo.

As iz epparent from the brie? survey made above, Soviet gas turbine
cunstruction; notwithstanding individual difficulties in growth, in recent
years has undexgone substantial developments This growih could be even more
sigrificant, if we could elinminate the quite inadmissiblce delays in the intro-
duction and essimilation into operation of the lcading models of the new GTE,
caused mainly not by technical but by orgenizationzl reasons, in which both
tho design—-assembly organizations, as well as the iturbine~construction plants,
are at faulte. As a reosult, there is delayed the test operation of the fitness
of the solutions incorporated ia the design, which naturaliy in turn hampers
the further development of the gas-turbine consitruction.

At the prescnt time, & number of domestic plants, on the basis of ex—
perience in the adoption of thc models described above, are conducting the
planning of large power GTE. For instonce, the LMZ is conducting the planning
of a unique (in technical and economic characteristics) cheap unitized GTE
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with a power of 100 mv rRof- 8] The Kha»'kov Gas Turbine Plant ( K1GZ) is

conducting a number of studies on 4he now GTE {gas turbine engina)e Ay the

same time, unforiunately, the question of the ways and scales of use of the
gas turbiae installations in the power system of the Sovieil Union continues
to he debatable up to the prescent time. Of course, one of the main use for

such & circunstance is the slow assimilation of the engines already made.

Along with this, still not fully clear are the problemzs connected vith
the possibility and the oconomic feasibility of using, in the .power GTI,
various liquid fuels and natural gas, and also the most eXective wzys and No3-
sible scnles of the use of GTE in power engineeringe

The domestic and foreign developments indicated that a GTE with initial
gas t° of 700-800°C is above all feasible to use as fairly simple and econom=
ical poak end heat-fixation asgemblies, and also in tho system of steam-gas
installations for the covering of the base load. The planning studies showed
that the gas-turbine TETS can bz cheaper by 30-407 thaen the steam~turbine ones

of the same powere. The specific cost of the powerful peak gas-turbine stations

vill amount to 30-35 rubles/kv.

Under the planned considerable growth of the powor systems and the tan~
dency toward a compnctness of the locad diagrams, in the immediate years there
will be required the construction of peak gas turbine electric power stations
of fairly high power (6 X 100 and even 12 X 100 mv). Along with this, there
will also find application theeconomic and mobile peak 1nsta11at10ns of less
pover (25 and 50 mv)e.

The appreciable lowering by 13-15% of the specific construction costs
£ the electric stations as compared with the steam turbine units of the same
power and using the same fuel should be brought about by the application of
stean-gas installations, made to include & high-pressure steam generator. In
addition, those installations should furnish a fuosl savings of 5 - 8%,

We also consider that the GTE of relatively low power (50, 25, 12 mv
and even l¢-s) can find use as hasic power installetions in a whole serics of
actual cases: in small power systems, in remote or arid localities, near
large gas deposits, etce. An example of such stations is the present ccnstruc-
tion in the Soviet Union of gas turbine stations 4 X 12 X cnd 4 X 25 av. Ir
our couniry, the number of such stations can be sufficiently large, no matter
how the elecirical networks and intersystem links have beer developed.

~Pter the solution of the problem with the liguid cooling of the blades
in the gas turbines and the achievement of initial teaperatures’ of 1200°C, and
higher, the efficiency of the gas turbine installations made according to the
simplest layout, excceds 40;%5, while there are individual povers of 200 - 300
mve Such inst{anllations can undoubtedly find wide application as basic ones for
laryge electrostations in place of the steam-iurbine units using the very same
fuele. The tochrological basc of the turbine~constructiing plants in recent
yeara is being improved, and new technolagical processing methods are appear—
ing. This places on o real footiug the creation of gas turbines with liquid
cooling of the blades.
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Understandably, the enumerated trends do not exhaust all the possi-
bilities of the use of the sas turbine encines in vower entincering or in
other branches of the socialist economy, After the accumulation of exe
perience in the planning and overaticn, counled with the complstion of a
number of research projects already underway, there will become vossible a
further development of the GTF, and an increase in their power and economy

of operation,
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USE CP PETROLEUM FUEL AND DISSOLVED ADDITIVES FOR LOWERING VANADIUM
CORROSION IN GAS TURBINE ENGINES

Re Ae Lipshteyn et al.

The operation of gas turbime installations using commercial fuel oils
is impossible for two rcasons:

at an ashing of the mazut by 0.10 - 0.15%, the flow-through part of the
turbine will quickly become plugged, requiring frequent stoppages of the gas
turbine engine (GTE) for cleaning (a test operation of the CIE 600-1.5 using
brand 20460 hoiler mazuts showing an ash content of 0.08—0-13%, demonstrated
that the turbine becomes Llocked with deposits in 2-4 hours of operation so
intensively that it is necessary to lower its power by twice [Ref- 1]);

the vanadium contained in the sulfurous residual fuels, especially in
the presenco of sodium, causes a catastrophic corrosion of the metal in the
turbine's bladese (During the operation of the turbine on fuel containing on-
ly 0.0015 vanadium, after 100 hours there occurred a clcarly manifested corros—
ion of refractory steels at a temperature (t°) of 800°C [Ref. 1]).

The following weys of solving the problem of the extended and reliable
operation of a GTE using liquid fuels are possibles

1. The use of low-ash fuels (with ash content of less than 0.03%), con=-
taining almost no vanadium (less than 0.000555), not reguiring a prior washing
with water or the usc of additives. As such fuels, we can use. tlie distillates,
obtained as a result of the secondary processing of the products of sulfurous
and low-sulfur petroleums (coking disti.lates, heavy gas-oil from catalytic
cracking etc.), and also the low-asl: residual products derived from reproces—
sing; the low=sulfur vanadiumless oils (as a rule, vanadium is contained in the
suflurous petroleums). The problems of the choice of the production technigue
and the tests of similar fuels were worked out in the VIIRNP, GROZNII and VTI.

. The use of conventional commercial boiler fuels uniar the stipulation
of the adoption of measures assuring the avoidance of blockage ¢f the turbine
by deposits and avoiding the origination of vanadium corrosion of the blades’®
metal.
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At the present time, there are no developed (even uader laboratory cone
ditions) additives to a fuel, reliably avoiding the blocking of a turbine by
depositse The sole actual method, lowering the accumulation, is the reduction
of the fucl c¢il's ash content by flushing it with water in the prescnce of a
de-cmulsificr and the separation of the water from the hot fucl in o centri-
Lage [Ref- o Urnfurtunately, this step is too expensive and unvieldy, and
hence is hardly acceptable for electric powe stations. Evidently, this meth-
od could find application for scagoing vessels, equipped with GTE, since they
are compelled to refuel in a number of countries with different fuel, includ-
ing that having an increasad ash coutente '
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Pigure 1. Effecct of Additives on Vanadium Corrosion {(with the exception
of loss.s from electrolytic cleaning) of EI-405 Stcel at Various Temp-
eraturese.
1 - di:sel fuel, sulfurous; 2 - diesel fuel, sulfurous with +0.03% V
and 0.00193% Na; the othors, the same as 2, + additives.
cap.ions in figure: a) corrosion, g/m*; b) LI-40),(others read as is)

More acceptable for the clectric power stations, it seems to us, in ad-
dition to .he basic first approach, is the following onc.
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Pigure 2« Effect ol Additives on Vanadium Corrosion (with the exception
of losses from elecirolytic cleaning) cf EY..-17 Stcel at Various Temp-
eratures. For notations, refer to Figure 1 above.

3+ The use of low-ash fuels, including the residuxl ones (ash content
no  more than 0.05;2), containing vanadium and sulfur in en anount correspond=—
i1 . Yo the conceniration of these elements in o0il end depending on the proc—
e: ;ing techniques The obtainment of such fuels should not create any special
@ 2ficulties at the petroleum recfineries. There is required only the conduct
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of . a good desalinification of the petrolcum entering to be processed. The
use of such fucls for the sitationary GTE does nct lead tec a rppid plugging
of the turbine by deposits. The latter should be relatively minor and evi-
dently their removal can be achicved by rinsing the turbine with hot water
without disassembling it [Ref- 1]- However, these fuels at gas temperatures z :
above 600°C will cause the vanadium corrosion of the blades. Therefore, the

use of these fuels is possible only in the presence of = highly effective ad- .
ditive, avoiding vanadium corrosione. Z
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In the capacity of such additives, the most effective have been the
substances conteining Mg, Zn, Si, P, Al, Ca, ond Ba.

The additives are divided inte: those soluble in fuel {e.g., Mg, Ca,
Zn, Ba salts of carbunate and sulfo-acids, silicon-and phosphoro-organics);
those soluble in water (e.g. the sulphates Mg, Al, ammonia liquor and nitrates
of Ca); dry powders, insoluble either in fuel or in water (eegs the alumo=sile
icates—-keolin, galluasite eic., dolomites, talcs, aluminium powdar).

A number cf authors [Refs. 3-9] have engaged in & study of the affoct-
iveness of action of additives under static conditions in model fire stands
and in industrial gas turbino installations.

In the present report, we have presented the results of test conducted
on a fire test stand of a number of substances, soluble in fuel as additives
reducing the vanadium corrosicn. The fuel being tested contained 0.03% V,
0.002% *a and 0.9 S.

As metal samples, we use plates made of EYA-IT stesl and part of the
blades of the GTU~-600-1.5 turbine was made of EI-405 steel.

The latter steel was chosen owing to its high heat-resistance and low
resistance stale to vanadium oorrosion as & result of the prescnce of mol b-
denun in it. This permitted a limitation of the test duration to 5 hours, in
the course of which during the burning of the indicated fuel, there occurred
o fairly intensive vanadium corrosion (at 900°C, 100 g/m?).

The method used in conducting the tests on the stand and also its
layout are described ia Ref. [10]-

& study was made of the ability of the naphthenates Mg, Ca, Zn, Al and
also nf polymethylsiloxane (technical product, PMS-15) to rcAduce the venadium
corrosione ’

In all these tests, the vratio of metel and silicon in the fusl to vene
adium equalled 3:1 (by weight)e

We have presented data in Pigures 1 and 2 regarding the effect of the
indicated products ‘on the vanadium corrosion of steels at test t° of TOOOC to
900¢°C.

At 705°C under the given test conditions, 211 of the tested substances,
with the exception of zinc nephthenate, completely prevented the vanadium cor-
rosione The negative weight of the less in the metal is undoubtedly imaginary
and is obtained only as a result of celculation (Qifference between the los-
ses- in the weight of the steel after the test, and the elecirolytic cleaning
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and losses in weight of the original steel specimen, not subjected to testing,
after electrolytic cleaning). The negative cignificance of the corrosior in-
dicates that &s a result of the test, the steel proved more resistant to the
electrolytic cleaning than the origine! sample prior to the test.

At 810°C, only the magnesium naphthenates and the polymethylsiloxanes
srevented the vanadium corrosione However, even at this t°, there occurs a
¢ertein advantnge in the magucesium additive over the silicon onc in the test-
ing of the EYA-1T stcel. The colecium naphthenate reduced the vanadium corros—
ion somewhat, but to an insufficient extent. The naphthenates of zine and al-
uminum are of low elfectivonesse At §1l0¢C, only thc magnesium naphthenite re-
tained its ability of preventing corrosiom almost entirelye. Under these condi-
tions, the polymethyYsiloxane proved insufficiently effective.

It is interesiiny to note that if the actividty of all the additives
at a rise in 19 from 8109 to 917°C falls ebruptly, the ability of caleium
naphthenate to reduce the venadium corrosion is slightly diminished. At 910°C,
the effectiveness of the actior of calcium naphthenate =nd of polymethylsilox-

ane proved similar to each other, but for both additives, the result was not
adoequate.

Based on what has been indicated, additives were developed containing
Mg and Si, the production of which can be organized on an industrial scale.
The results of tests with these additives in 2 mcdel fire stand are prescnted
in Tubles 1 and 2 (corvosion values are given in g/ma).

The magnesium additive No. 50 [Sce Noie] {test 36) is similar to magne
nesium naph*henate {at & ratio of MgiV =3 : 1?) prevented almost entirely
the vanadium corrcsion of the EI-405 and EY -1T steels in the entire range of
temperatures from 700°C to 900°C. ({Notels Brand VTI).

The techmical product No. 51, containing Si (test 33) at ratio of SisV=

=2 s 1, proved,similer to the polymcthylsiloxune, effective only up to 800¢C.
At increase in the t° up to 900°C, the additive's effectiveness decreascd.

The attempt to reduce the guantity of this additive (ratio Si:V = 0.7:1)
did not succeed (test 34). At a diminished concentration, the additive's ef-
fectiveness was reduced.

The addition of green oil to the ethylsilicate (compare tests 34 and
35) decreased corrosion slightly at 900°C. Thus, the corrosion of the EI-405
steel in the presence of the green oil diminished from 43.3 to 27.7 g/mz,
although even this was inadmissibly higl.

The triple mixture of magnesium additive, the product of No. 51, and of

green oil {test 39) has o high effectiveness, notwithstanding the lowered mag-
nesium concentration (Mg:V = 7:1).

Conclusions

1« We have reviewed ways for solving the problem of the prolonged acud
reliable operation of stationary gas turbine engines using liquid fuels.

2+ as additives for lowering the vanadium corrosion, there were used
in a fire stand the naphthenates of Mg, Zn, Al, Ca, and polymethylsiloxane,
all of which were soluble in the fuel.
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* Table 1 .
Effect of Additive on Vanadium Corrosion of EI-405 Steel, g/m?
O S U —
No. of Characteristics of fuel and additive Sample temperatures,
tests °C
. 900 800 700
6 Sulfurous diesel fuel (S = 0.97%), withe :
out ash (no V or Na)eseeeeesasas 111 6.1 3.0
40-43 Diesel fuel, containing 0.03% V and
0000103% Naoooooaooooooooootaoca 10500 49.0 900
36 The same + mognesium additive Nos 50 -
(Mg:V=3:1)..................... 1201 §09 -003
33 The same + Noe. 51 silicon additive
(Sitv = 281)ooooooooo.ooooooooooo 3642 13 3.3
34 The same + No. 51 silicon additive
(Si:v=00731)oooooooooooooocoooo 43.3 11.6 -102
35 The same + No. 51 silicon additive
+ green 0il 0.5% (composition Noe 54).. 23¢7 136 1.5
39 The same + megnesium additive (Mgs V =
1:1) + silicon andditive (Si:V = 231) +
+ green o0il 0.5% {composition No. 56).. 1144 Ted =3.5
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Table 2 ;
Effect of Additives on Vanadjum Corrosion of ¥ ~1T Steel, g/n?
No. of : obs ' - asas Sample temperatures,®C :
tests Charccteristics of fuel and additive 900 800 700 ;
6 Sulfurous diese) fuel (S= 0.9:%), with- |
out ash (no YV or N&)oooooooooooooo 10.4 902 1.5 f
. s . g\ . ¥
40-43 Diesel fuel,containing 0.03:% \.andyg 00103% 114.0 62.0 14.0
36 The same + Noe. 50 magrnesium additive
)1z:v -] 3:1)Ooocoooooooooooooocoaoo 8.5 7.1 .2.5
33 The same + No. 51 silicon additive i
(si:v = 2:1)Oooooooooo-ooooocooo..o 34.9 2.‘ -3.0 )§
34 The same 4+ Noe. 51 silicon additive g
(Si:v = 007:1)ooo‘ocoooooooa.oooo.c 35.9 12-2 0.05 %
35 The same + No. 51 silicon additive + 0.5% ’ i
green o0il (composition Noe 54)ecese 28.9.17.2 1.6 E
39 The came + magnesium additive (Mg:V = ' ;
= 1:1) + silicon additive (Si:V = i
= 2:1) + 0.5 green 0il {composi= 9.7 2.85 -1.9
tion NOO 56)o.ooooooooooooo.o.co.oo .
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